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Abstract

Background—Atopic dermatitis (AD) is characterized by Staphylococcus aureus (S. aureus)
colonization. Longitudinal early life data delineating relationships of S. aureus colonization,
barrier function, and AD outcomes are lacking. We define longitudinal S. aureus endotypes and
AD pathogenesis in early life.

Methods—We defined longitudinal S. aureus skin colonization phenotypes across two annual
visits (non-colonized: V17V27, early transient: V1*V2~, late onset: V1~V2*, persistent: V1+*V27)
in the Mechanisms of Progression of Atopic Dermatitis to Asthma in Children cohort. We
analyzed AD severity, sensitization, and skin barrier function across phenotypes, and performed
mediation analyses between colonization and FLG expression.

Results—Persistent S. aureus colonization was associated with increased SCORAD at V1 (33.5
vs. 19.0, p = 0.004) and V2 (40.1 vs.16.9, p < 0.001), and lower non-lesional (NL) FLG at V2
(1.77 vs 4.09, p = 0.029) compared to the non-colonized phenotype, with early transient and late
onset colonization as intermediate phenotypes. Children colonized at V2 demonstrated a decrease
in NL-FLG expression from V1 to V2 compared to those non-colonized at V2 (p=0.0012), who
maintained expression. This effect remained significant even after adjusting for VV1 colonization
and SCORAD (p = 0.011).
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Conclusions—Our findings are the first to present longitudinal quantitative FL G expression
and S. aureus skin colonization in early life and suggest that a decrease in NL-FLG drives

later colonization. Hence, therapies to maintain NL-FLG expression may prevent S. aureus
colonization. Further, a longitudinal AD endotype of persistent colonization is characterized by
increased AD severity, sensitization, and decreasing NL-FLG.
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. We assessed S. aureus skin colonization and AD outcomes across two annual visits in
the MPAACH cohort.
. Persistent S. aureus colonization is characterized by increased severity, allergic

sensitization, and decreasing never-lesional filaggrin expression.

. Low never-lesional filaggrin expression positively mediates future S.aureus
colonization. Maintaining filaggrin expression may be therapeutically important to halt
colonization and worse AD outcomes.

Abbreviations: AD, atopic dermatitis; MPAACH, Mechanisms of Progression of Atopic
Dermatitis to Asthma in Children; SA, Staphylococcus aureus, SCORAD, SCORing Atopic
Dermatitis
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INTRODUCTION

Atopic dermatitis (AD) is a chronic, relapsing inflammatory skin disease that affects 15—
30% of children and 2-10% of adults, and often precedes the development of allergic
comorbidities.l: 2 AD is characterized by a dysfunctional skin barrier, which may be
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associated with deficiencies in the skin structural protein filaggrin (FLG), Th2 inflammation,
skin microbial dysbiosis and exposure to exogenous irritants and/or allergens.3

Dysbiosis of the skin microflora with increased colonization by the gram-positive
opportunistic bacterium Staphylococcus aureus (S. aureus) and the loss of commensal skin
microbes is a hallmark of AD.* S. aureus exacerbates skin inflammation and dominates the
microbiome during AD flares, thereby worsening AD severity.® Defects in the epidermal
barrier worsen inflammation and further enhance entry and penetrance of S. aureus into

the dermis. Presence of FLG breakdown products, essential components of the natural
moisturizing factor (NMF), has been shown to reduce S. aureus growth rate and cell density
in vitro.” Further, FLG mutations are associated with reduced barrier integrity and increased
S. aureus colonization on lesional skin in vivo.5: 8 While this link between AD severity,
FLG deficiency, and S. aureus colonization is increasingly recognized, studies to date have
not examined S. aureus colonization and FLG expression over time in early life. 5 9-11

A recently convened workgroup of thought leaders in the field recognized that defining
longitudinal phenotypic and endotypic subgroups of AD is a critical need.12 Herein, we
directly address this by leveraging the MPAACH (Mechanisms of Progression from AD

to Asthma in Children) early-life cohort (n=326), which includes extensive longitudinal
collection of clinical information and biospecimens!3. We quantified skin LG expression
levels over time, defined longitudinal S. aureus skin colonization phenotypes and the impact
on AD clinical outcomes, and then integrated these to explain the interplay between skin
FLGand S. aureus colonization. The results from this study provide novel insights into key
temporal relationships and drivers of S. aureus colonization in early life, a critical gap in
current knowledge.

METHODS

Subjects

MPAACH is a prospective longitudinal early-life cohort of children with AD that has been
previously described.13:14 Eligible children were aged <3 years upon enrollment, had a
gestation of =36 weeks, and either a diagnosis of AD (based on the Hanifin and Rajka
Criteria for Atopic Dermatitis) or the parent(s)/legal authorized representative indicated a
positive response to each of the 3 questions from the Children’s Eczema Questionnaire
(CEQ)®. Samples and specimens were collected at each annual visit. Children are instructed
to stop using lotions, creams, and ointments on the skin the night prior to collection. This
study was approved by the Institutional Review Board at CCHMC, and all subjects signed
informed consent/parental permission prior to participation.

Keratinocyte Sampling and Identification of S. aureus

Lesional skin was defined by the Hanifin and Rajka diagnostic criteria for atopic
dermatitis.16 Non-lesional (NL) skin was defined as at least 10 cm from lesional (L) sites
and had no history of lesions at that site according to parental report. SmartSolve skin tape
strips measuring 1 inch x 1 inch were taken from L and NL-skin at each visit. Briefly, skin
cells were sampled by placing the tape strip on the skin, gently massaging the tape for 15-20
seconds, removing the tape, and storing it in ice-cold in BL buffer supplemented with 2%
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thio-glycerol (Promega, Madison, WI). This process was repeated to provide a total of 12
tape strips for each sampled skin site at each visit. RNA was extracted from tapes 8-9 using
a two-stage process. The tapes were first extracted with a phenol-chloroform extraction and
then the resulting RNA was purified using the ReliaPrep RNA cell mini prep kit following
manufacturers guidelines (Promega). Complementary DNA was made with SuperScript IV
VILO (ThermoFisher) and RT-qPCR reactions were carried out with the following Tagman
gene expression assays: 185 (Hs03003631_g1), FLG (Hs00856927 g1). FLG expression
levels were normalized to 78S levels. The maximum gene expression value from either tape
strip 8 or 9 from each subject was used to denote FL G expression.

Sheep blood agar contact plates (Hardy Diagnostics) were used to collect host skin biome
samples from L and NL-skin at each visit. Bacterial DNA was subjected to quantitative
polymerase chain reaction (QPCR) targeting femA-S. aureus and Universal 16S rRNA to
confirm S. aureus at either L or NL skin. Presence and absence of femA was determined
based on the negative control at a Ct cutoff value of 30 on the ThermoFisher Cloud Connect
online software. Phenotypes were determined by presence or absence of S. aureusby femA
positive qPCR at either L or NL site at a visit. Detailed description of all methods and
materials can be found in the Supporting Information.

S. aureus presence is associated with a more severe AD phenotype

There were 326 MPAACH subjects who had completed both V1 and V2 at the time of
analysis. Bacterial isolates positive with the agglutination assay across V1 and V2 were
further verified as S. aureus (SA) with femA gPCR to identify subjects with S. aureus
presence or absence at each visit.

The subset of 326 subjects was initially categorized into two groups: non-colonized (SA-)
and colonized (SA+) (Table 1). The SA+ group (19%) had S. aureus presence on L or NL
skin at either V1 or V2 whereas the SA- group (81%) did not show S. aureus presence at V1
nor V2 on L or NL skin. At V1 and V2, the SA+ group had significantly higher SCORAD
(p =0.008, p <0.001) and L-TEWL (p < 0.001, p = 0.004) and was more likely to have
moderate/severe AD (p = 0.007, p < 0.001) and to be allergen-sensitized (p = 0.035, p =
0.027) compared to the SA- group. In addition, both L-FLG (p = 0.022) and NL-FLG (p <
0.001) expression at V2, but not V1 L or NL-FLG expression, were significantly lower in
colonized subjects (Table 1). There were no baseline differences in age, sex, race, parental
reported antibiotic usage in the past 12 months, steroid cream usage, early onset AD and
environmental exposures between the two groups.

Persistent S. aureus colonization is associated with a more severe AD phenotype

Next, we further classified the colonization phenotypes to elucidate the temporal relationship
between colonization and skin barrier function, sensitization, and clinical outcomes.

We defined four phenotypes, and their characteristics are summarized in Table 2: non-
colonized: SA- at V1 and V2; early transient: SA+ at V1, but SA- at VV2; late onset: SA-

at V1, but SA+ at VV2; persistent: SA+ at V1 and V2. There were no baseline differences in
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demographics, parental reported antibiotic usage in the past 12 months, steroid cream usage,
early onset AD or environmental exposures between the phenotypes.

There were significant differences in SCORAD across all phenotypes (V1: p = 0.012,

V2: p <0.001, Table 2). Children with persistent S. aureus colonization had a higher
median SCORAD at V1 compared to non-colonized children (33.5 vs. 19.0, p = 0.004),
and this difference was more pronounced at V2 (40.1 vs.16.9, p < 0.001). Children with
early transient and late onset colonization had intermediate SCORAD values between non-
colonized and persistent groups at both V1 and V2 (Table 2).

We next evaluated the proportion of subjects with mild vs moderate/severe AD between the
S. aureus phenotypes at V1 and V2. Compared to the non-colonized phenotype, there was
a higher proportion of children with moderate/severe AD at V2 in the early transient (53%
vs. 24%, p < 0.001), late onset (53% vs. 24%, p = 0.028) and persistent (78% vs. 24%, p =
0.001) phenotypes (Fig 1A). Although there were differences in the proportion of subjects
with mild vs moderate/severe AD among the S. aureus phenotypes at V1 (p = 0.045, Table
2), there were no significant differences across pairwise comparisons at V1 (Fig 1A).

We next evaluated allergen sensitization amongst the colonization phenotypes. At V1,

there was a higher proportion of subjects who were allergen-sensitized in the persistent
phenotype compared to the early transient phenotype (89% vs. 47%, p = 0.030) and
non-colonized phenotype (88% vs. 42%, p = 0.012) (Fig 1B). This higher prevalence of
sensitization continued at V2 in children with persistent S. aureus colonization compared
to the non-colonized children (78% vs. 42.0%, p = 0.045). However, the relationships
between sensitization patterns and SA phenotype may be dependent on AD severity as their
association was not significant after controlling for AD severity.

Decreased non-lesional skin barrier integrity is associated with S. aureus colonization

We next evaluated ~L G RNA expression and TEWL across the S. aureus phenotypes.

At V2, NL-FLG expression was lower in the early transient (p = 0.017), late onset (p =
0.034) and persistent (p = 0.029) colonization phenotypes compared to the non-colonized
group (Fig 1D). Further, the data showed a trend of decreasing NL-FL G expression from
non-colonized to early transient, early transient to late onset, and late onset to persistent
groups, suggesting a dose effect. At V1, the median NL-FL G expression was lower in the
early transient compared to the late onset colonization phenotype (p = 0.012, Fig 1C), but
no other differences were noted between the groups. At V1, L-FLG expression did not differ
between the phenotypes whereas at V2, the early transient colonization group had higher
L-FL G expression compared to the late onset colonization group (p = 0.013, Fig 1E-F).
There was a higher L-TEWL at V1 in the early transient phenotype (p < 0.001, Fig S1A)
and a higher NL-TEWL at V2 in the late onset phenotype (p = 0.042, Fig S1D) compared

to the non-colonized phenotype. We next evaluated AD severity and skin barrier function at
V1 and V2 within each phenotype (Table 3). The non-colonized group showed improvement
in SCORAD (p<0.001) and NL-TEWL (p=0.013) over time. The V1 colonized only (early
transient) showed no change in these parameters over time, but the V2 colonized only (late
onset) showed a dramatic decrease in NL-~LG (p = 0.031), and the persistent colonized

Allergy. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dahal et al.

Page 6

group showed low barrier function and high SCORAD throughout both timepoints. These
data validated our key findings across all groups.

V2 S. aureus colonization is associated with a decrease in non-lesional filaggrin
expression over time

To further study temporal associations between S. aureus colonization and FL G expression,
subjects were dichotomized into V2 SA+ (orange line) and V2 SA- (blue line) groups. The
L-FLG and NL-FL G expression values at each visit were plotted, and linear mixed-effect
model equations were calculated for each group (Fig 2). There was a significant difference
in the change or delta in NL-F~L G expression level from V1 to V2 based on V2 S. aureus
colonization (p = 0.0012, Fig 2A). Specifically, children who were colonized with S. aureus
at V2 (V2 SA+) demonstrated a 0.98 unit decrease in NL-FL G expression over time on
average, while those non-colonized at V2 (V2 SA-) had a 0.03 unit increase in their NL-
FL G over time. To determine the impact of colonization status at V1 on these observations,
we further stratified by V1 SA status (V1 SA+ and V1 SA-) (Fig 2B-C). The decrease

in NL-FLG expression from V1 to V2 in those colonized at V2 was observed in both

V1 SA+ and SA- groups, although the V1 SA+ group reached only nominal significance.
Similarly, the increase in NL-FLG expression from V1 to V2 in those non-colonized at

V2 was observed in both V1 SA+ and SA- groups. These results suggested that the NL-
FL G expression over time determines colonization at V2 and that this is independent of
colonization at V1. To determine whether this was the case, we directly examined whether
the change in NL-FLG expression (V2 — V1 NL-FLG, denoted as delta NL-FLG) was
associated with S. aureus colonization status. V2, but not V1 colonization, was significantly
associated with decreased delta NL-~LG (V1 colonization: p = 0.56; V2 colonization: p =
0.010). This relationship between V2 colonization and delta NL-~L G remained significant
after controlling for V1 S. aureus colonization status and V1 SCORAD (p = 0.011). There
were no significant differences in L-FL G expression over time irrespective of colonization
status (Fig 2D-F).

Non-lesional filaggrin expression mediates S. aureus colonization

We developed a mediation model to examine the causal relationship between S. aureus status
and FLG expression. In the model, V1 S. aureus status was the independent variable, V2

S. aureus status was the dependent variable, and V2 NL-FL G expression was the mediator.
Our sample size was too small to evaluate delta NL-F~L G as the mediator. The direct effect
of V1 S. aureuson V2 S. aureus status was significant (ADE average = 0.144, p = 0.027).
V1 S. aureus status was also marginally associated with lower V2 NL-FLG (p = —0.30, p

= 0.09). We observed a mediating effect of V2 NL-FLG expression levels on V2 S. aureus
colonization (ACME average = 0.046, p = 0.046).

This mediation model focused on a unit-change in the expression levels. As differences in
FL G expression among children often did not exceed 1 unit, interpretation of the effect
sizes can be challenging. Thus, we compared the higher and lower FLG expression tertiles
(n = 162). The mediation effect of V2 NL-FLG expression on V2 S. aureus status was
significant (ACME average = 0.05, p = 0.018) but the direct effect was not (ADE average
=0.073, p = 0.28). When evaluating the components of the mediation, we found that lower

Allergy. Author manuscript; available in PMC 2025 January 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Dahal et al.

Page 7

V2 NL-FLG s associated with 11.04 times the odds of being colonized by S. aureus at
V2 (p = 0.024) compared to higher FLG expression. We also found that V1 SA+ children
had 3.32 times the odds of having lower V2 NL-FLG (p = 0.017) compared to V1 SA-
children, which is consistent with the patterns of NL-FLG seen in Figure 1. However, the
presence of a significant mediation term supports that V2 NL-FL G expression contributes
to V2 colonization risk above the direct risk of V1 colonization status. These data show
that while NL-FL G expression mediates S. aureus colonization at V2 independent of V1
colonization, this effect is likely modified by V1 colonization status. Indeed, when we
evaluated the effect size of the ACME model conditional on V1 S. aureus status, we
observed that S. aureus positive group had approximately twice the effect size for our
mediation model. Formal interaction between V1 S. aureus colonization status and V2
NL-FLG expression was not significant (p = 0.26). The main effect of V2 NL-FLG on V2
S. aureus colonization remained significant even after adjustment for V1 and V2 SCORAD,
race, and age, supporting the robustness of our findings (data not shown).

To evaluate the specificity of the mediation effect, we evaluated additional mediation
models. We considered V1 NL-FL G and V1/V2 L-FL G expression as mediators, but

these were not significant (data not shown). Lastly, to evaluate whether changes in FLG
expression were mediated by S. aureus colonization, we developed another mediation model
to study the relationship between V1 NL-FL G expression as the independent variable, V2
NL-FL G expression as the dependent variable, and V2 S. aureus status as the mediator. The
mediation effect was not significant (Table S1).

DISCUSSION

This is the first study to report longitudinal quantitative skin LG expression levels and S.
aureus skin colonization data in children with AD over time in early life. By leveraging
the MPAACH prospective early-life cohort of children with AD, we defined longitudinal
S. aureus skin colonization phenotypes, determined skin L- and NL-FL G expression
trajectories over time, and then integrated these to understand the interplay of skin FLG
levels and S. aureus colonization and their impact on sensitization patterns and AD clinical
outcomes. Our data revealed that V2 NL-FLG, but not L- FLG, expression levels mediated
V2 S. aureus colonization independent of V1 and V2 AD severity, underscoring the critical
role that the NL skin plays in AD pathogenesis. The effect was modified by V1 S.

aureus colonization status such that children colonized at V1 had increased odds of having
lower V2 NL-FLG compared to children without S. aureus colonization at V1. Children
colonized with S. aureus at V2 showed a decrease in NL-F~L G expression over time while
those who were V2 SA- maintained or slightly increased NL-FL G expression. Persistent
colonization was associated with increased sensitization and worsened AD severity as
assessed by SCORAD. Our findings reveal a longitudinal AD endotype of persistent

S. aureus colonization characterized by increased AD severity, allergic sensitization, and
decrease in NL-FL G expression. Collectively, these data strongly suggest that intervention
designed to interrupt and change the decrease in NL-FL G expression early in life may be
critical in blocking later S. aureus colonization and the clinical sequalae.
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V2 S. aureus colonization was directly mediated by V2 NL-FL G expression demonstrating
the contribution of NL-skin barrier disruption to late onset and persistent colonization.

FLG breakdown products have been reported to lead to increased acidification of media,
decreased density of S. aureus and decreased production of bacterial colonization and
immune evasion proteins in an in vitromodel’, so a decrease in FLG expression could
impact future colonization. Another study showed increased S. aureus adherence with
either FLG-knock down or supplementation of I1L-31, a cytokine which has been shown

to downregulate FL G expression in epidermal skin models.1718 An additive effect was
observed with both FLG-knock down and 1L-31 supplementation.® Therefore, lower FLG
may create a permissive environment in the context of attenuated immunity for further
colonization. In a recent pediatric study, skin S. aureus load in children with difficult-to-treat
AD was not associated with the FL G mutation status,® but they did not examine the
expression level of FLG, which is affected by more than genetics. This underscores a major
strength of our study, where we quantified FL G RNA expression levels in NL and L skin
over time. We did not observe significance when using V1 or V2 L-FLG expression as
mediators in our analyses, indicating that the link between FLG expression and colonization
may be restricted to NL-skin. This reinforces previous findings from our group and others
that NL-skin is driving the AD and sensitization phenotype.13: 20 This mediation, however,
does not prove causality and does not rule out the contribution of other potential factors such
as medication and inflammation in S. aureus colonization. While we didn’t see a mediating
effect by S. aureus colonization on NL-FLG expression, it remains possible and even likely
that S. aureus colonization also acts upstream leading to further decreased FLG, setting up
a detrimental feed forward loop. For example, S. aureus superantigen B (SEB) has been
shown to increase 1L-31 expression and suppress LG expression.2: Medications could also
impact our findings. While we did not observe differences in the use of parental reported
use of antibiotics in the past 12 months and steroid cream usage at baseline between the
colonization phenotypes, consistent use of medications including antibiotics and biologics
may affect colonization rates and therefore, FLG expression.

We observed that V2 SA+ children had a decrease in NL-FLG expression from V1 to V2
compared to those who were V2 SA-, who maintained similar FL G levels over time. This
decreae in NL-FL G expression was not conditional on V1 colonization status but likely
driven by the V1 SA- group, as the magnitude of the decrease is more pronounced in

this group. Our linear regression models reinforced that changes in NL-F~L G are associated
with V2, but not V1, S. aureus colonization, suggesting that the change is important for
determining future colonization for the late onset and persistent phenotypes in our sample. A
previous study demonstrated sustained change in FLG expression within weeks in response
to treatment?2, Maintenance of NL-FLG expression levels in V2 SA- children may be

due to numerous factors including better compliance with skin care regimens for eczema
treatment which may lead to improved barrier function and/or decreased inflammation.
Th2 inflammation has been shown to lead to reduced skin FLG expression.23 As such, a
decrease in local inflammation would be predicted to increase FLG expression and overall
skin barrier health.24 In contrast, persistent inflammation and/or poor skin care may lead to
sustained decreased FL G expression over time.
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Persistent colonization over time was associated with a higher SCORAD and increased

AD severity and proportion of children with sensitization. Studies have shown that S.

aureus is correlated with increased expression of proinflammatory cytokines including
TSLP, IL-8, IL-1p from keratinocytes, mast cell degranulation and increased Th2-mediated
inflammation.2® As such, differences in an individual’s ability to clear S. aureus colonization
likely also plays a role in AD outcomes.

To our knowledge, this study is the first to examine the relationship between longitudinal
FL G expression and S. aureus colonization. Two related studies from 2012 and 2017
performed 16S rRNA sequencing and shotgun sequencing on skin tapes on 422 pediatric
samples across baseline, flare and post-flare periods but neither investigated skin barrier
function.® 11 Other studies have examined strain variation over time and association with
AD severity.% 26. 27 Another recent study of 49 AD and control adults identified distinct
microbial configurations (“dermotypes”) identified by shotgun metagenomics across two
visits separated by 4 weeks. Although samples were collected to examine components of
the NMF over time, their analysis was restricted to visit 1, where they found no difference
between the NMF protein quantities between the dermotypes.28 While we also showed
an association between colonization and AD severity, the mediating effect of NL-FLG on
colonization remained significant independent of V1 and V2 SCORAD.

The strengths of this study lie in the cohort size and extensive biospecimen and data
collection capabilities of MPAACH, but it is not without limitations. By design, all
participants in this MPAACH cohort have atopic dermatitis, so we cannot make conclusions
regarding AD development. However, we did not observe any differences when examining
early onset AD (AD appearance at or before 3 months of age) vs late onset (AD appearance
after 3 months of age) between the non-colonized vs colonized groups and between the
phenotypes. The study may also be limited by inherent variability in direct sampling of skin
via agar plates versus other sampling methodologies. Approximately 20% of the subjects

in this study were colonized at either visit. This is in line with a previous study utilizing

skin swabs which identified S. aureus positive axillar swabs in approximately 15% of infants
at the time of AD onset.2% Importantly, variability in sampling methodologies, locations,
downstream analysis of biospecimen, S. aureus biofilm production, and ages of participants
yield varying results on colonization rates.3? Sequencing may overrepresent microbes that
are present in very low quantities whereas contact plates methodology utilized herein may be
useful in directly sampling S. aureus isolates that are most relevant to disease progression.
We also utilized a multi-layered approach to ensure that our results are specific to S. aureus,
which could lead to lower colonization rates compared to other studies. Skin barrier function
may also be determined by lipids and other structural proteins such as loricrin and claudin,
which we intend to investigate in future analyses. Lastly, the prevalence of commensal
microbes that may affect S. aureus colonization was not assessed. However, metagenomic
studies on skin tape collected from L- and NL-skin at each MPAACH visit will allow us to
determine the taxonomic, strain and functional profiles of the microbiome over time in the
cohort.31

Our findings regarding the temporal relationship between FL G expression and S. aureus
colonization in early life have significant clinical implications. Given the relationship
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between persistent colonization and worse clinical outcomes, preventing or disrupting
colonization is an objective of therapies. Broad-range antimicrobial therapies exhibit
minimal benefits and unintended side effects, highlighting the need for other personalized
therapeutic strategies.32 Current AD therapies mostly target L-skin and are aimed at
decreasing inflammation or increasing skin moisture, but there are no strategies that
specifically target LG expression in early life in NL-skin. Our findings suggest that it
may be clinically useful to monitor skin FLG levels over time and optimize therapies aimed
at inhibiting future and persistent S. aureus colonization in early life to prevent worsening
AD and progression to other comorbidities.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig 1. AD severity, sensitization status and FLG expression across S. aureus phenotypes in
MPAACH subset.

(A) AD severity (B) sensitization pattern (C,D) non-lesional (NL) and (E,F) lesional

(L) FLG at V1 and V2 across four S. aureus phenotypes. Differences across phenotypes
were evaluated using Kruskal-Wallis test, followed by Dunn’s test where significance was
observed. Comparisons of mild vs. moderate-to-severe (Mod/Sev) AD and non-sensitized
vs. sensitized groups between phenotypes were done using Chi-square test. Outliers were
removed in the figures for better visualization.
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Fig 2. FLG expression level and S. aureus colonization across V1 and V2.
(A) Decreasing trend of NL-FL G expression in participants with V2 S. aureus colonization,

(B,C) stratified by V1 S. aureus colonization. (D) L-FLG expression from V1 to V2 in
participants with V2 S. aureus colonization, (E,F) stratified by V1 S. aureus colonization.
Model equations were constructed using linear mixed-effect model to account for the
random subject effect, fixed effects of V2 S. aureus colonization and time (i.e., visit),

and an interaction term between colonization and time. P-values represent the significance
of interaction terms. Season-adjusted FL G expression values are presented. Dashed lines
represent data on the individual scale; solid lines represent the mean for each group.
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Table 1.

Characteristics of MPAACH cohort by S. aureus colonization”

S. aureus colonization Sample size for each variable Non-colonized Colonized p-valuei
n=264(81.0) n=62(19.0)
Demographic
Ade (y) 326 2.1 (1.5-2.4) 1.9 (1.5-2.4) 0.42
Male sex 326 137 (52) 35 (56) 0.52
Black race 326 180 (68) 35 (56) 0.08
Early onset AD (<3 mos of age) 326 111 (42) 31 (50) 0.25
AD Severity at Visit 1
SCORAD (score) 326 19.0 (13.0-29.1)  27.9 (12.7-41.5)  0.008
Severity group 326 0.007
Mild (SCORAD < 25) 172 (65) 29 (47)
Moderate/Severe (SCORAD = 25) 92 (35) 33 (53)
AD Severity at Visit 2
SCORAD (score) 324 16.9 (9.6-24.7)  26.2(11.2-42.9) < 0.001
Severity group 324 <0.001
Mild (SCORAD < 25) 198 (75) 27 (43)
Moderate/Severe (SCORAD =2 25) 64 (24) 35 (57)
Skin barrier function at Visit 1
Lesional skin
Keratinocyte FL G expression$ 267 2.36(0.68-6.05) 1.95(0.54-5.14) 0.56
TEWL (g/m?/h) 324 11.5(8.4-18.3) 16.7 (11.3-28.9) < 0.001
Non-lesional skin
Keratinocyte FLG expression® 268 397 (1.21-8.83) 3.31(1.72-7.79) 0.76
TEWL (g/m?/h) 323 94(7.1-132)  96(8.0-129) 032
Skin barrier function at Visit 2
Lesional skin
Keratinocyte FL G expression$ 241 2.89(1.12-8.37)  1.13(0.30-4.45) 0.022
TEWL (g/m%h) 314 117 (8.2-16.2)  17.9(8.8-24.2)  0.004
Non-lesional skin
Keratinocyte FLG expression$ 242 4,09 (1.48-9.00) 1.65(0.48-4.48) <0.001
TEWL (g/m%h) 312 9.2 (7.1-11.5) 9.7 (7.6-13.6) 0.17
Sensitization at Visit 1
Sensitization group 326 0.035
Nonsensitized 154 (58) 27 (43)
Sensitized 110 (42) 35 (57)
Total serum IgE 236 32 (10-93) 46 (13-228) 0.13
Sensitization at Visit 2
Sensitization group 323 0.027
Nonsensitized 150 (57) 26 (42)
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Non-colonized Colonized
S. aureus colonization Sample size for each variable p-valuei
n =264 (81.0) n=62(19.0)
Sensitized 111 (42) 36 (58)
Total serum IgE 204 70 (18-142) 118 (30-408) 0.053

fData are presented in median (IQR) or 7 (%).

Comparison between S. aureus colonization groups were done using Wilcoxon rank-sum test for continuous variables, Chi-square tests for

categorical variables.

§Season—adjusted FL G expression values were used in the comparison.

Allergy. Author manuscript; available in PMC 2025 January 01.



Page 17

Dahal et al.

uIs |euolss|-uoN

2200  (Tsr-L8)S0C (cve-L11) €81 (Tzz-g8) 91 (291-¢8) L'TT 1€ (U/zw/B) IM3IL
900 (192-sT0)9z0  (68'2-0z0) T80 (897-890)607 (L£'8-2TT) 682 e gu0IssaIdxe 97 aho0uness)
uIys [euolsa
T MSIA Je UOIdUNY J3LLIBY UIS
290 (Sv1-26) v'TT (Let-L'1) 96 (7'21-0'8) ¥'6 (zeT-1D) 16 €ze (U/w/B) IM3IL
010 (se'6-822)90% (60°ST-95%) 6V TT  (25'9-22'T) L2z (€8'8-T2'T) L6°€ 89z guolssaidxa 97 a1koounesaN
UIXS |euolss|-uoN
2000 (L6T-¥'TT) €ST (561-52T) LvT  (T'2e—€T1) 96T  (€8T-'8) S'TT vee (U/zw/B) IM3L
se0 (8Te-18T)9zz  (8z8-62T) 05t (0T'S-220)€2T (S0'9-89°0) 982 192 guoIssaldxe 977 a1koounessy
Uuiys Jeuolsa
T HSIA Je UOLdUNY J3LLIB] UIS
(81) L (e9) 8 (e9) 0¢ (¥2) v9 (Sz = AvH0DS) a19nas/areI9pOIN
(cd)e (¥) L (Lv) 8T (s2) 861 (52 > avd00s) PIIIN
T00'0> [4S dnouf A1ianas
T000> (8'89-0'82) T'OV (Lre-02n)TSe  (99e-zom) 092 (L'v2-9'6) 69T vee (81098) AvH40OS
ZUSIN TR Aanss av
(29) 9 (e9) 8 (05) 6T (se) 26 (Sz = avd00S) a1enss/arRIBPON
(ee) e v L (05) 6T (s9) ziT (Sz > avyd02s) PN
S¥0°0 9z¢ dnolb Aienss
2100 (rvv—822) See (rre-s11)eLe  (6er-Ss2r)ese  (T'62-0°€T) 06T 9ce (81095) AV40OS
T USIA e >~_Lm>mm av
920 (99) § (29) 01 (ev) o1 (ev) 1T 9z¢ (e6e jo sow €>) Qv 19su0 Alre3
9e'0 (99) s (e9) 8 (89) 2¢ (89) 08T 9ce 8ol 3oeld
99'0 W) v (29) 0T (s9) 12 (zg) LeT 143 X@s a[eN
G9°0 (Fz-61) 172 rzv1) 8T ¥z-sT) 6T ¥z-s1 12 9z (K) by
aiydeabowsq
senfen-d uﬁmm.uw_m_wu Mw&omwyww__ " m_A%cw.v_.mm_ MM %N_H%w_wwmcwn a|qeLIeA Yoes 10y az1s ajdwes adfouayd snaine g

,s8dAjousyd snaune 's Aq 110402 HOVVdIN JO SolsLIgIoRIRYD

‘¢ slqeL

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Allergy. Author manuscript; available in PMC 2025 January 01.



Page 18

Dahal et al.

"uosLiedwod ayy Ul Pasn alam sanjeA uoissaldxe 974 nﬁm:_um.:o%mw%

‘payodai Jou ale (O
0 9ZIS [189 "9°1) 9ZIS 9|dwWes |[ews YIM Sa|qelJen JO SanjeA-d ‘sa|qelJen [ed1i0ba1ed 1oy sisal asenbs-1yD ‘Ssajgerien snonuniuod 1oy 1s8} sijjepn-[exsnid Buisn auop are sadAjousyd sna/ne 'S ssoide uosiredwo)

+
(%) ¢ 10 (4O1) uelpaw Ul pajuasaid are Smn_,N
650 (v1-L1) 96 (T'eT-8°2) 20T (r'eT-92) L'6 (GTT1-T2) 26 453 (u/zw/B) IMaL
v000 (6L2-9v'0) 22T  (19e-6v0)€T2  (097-L7'0)S9T  (00'6-8V'T) 60F e guoissaidxe 97 aikooulesay
d (82)6=u (ov)sT=uU (9TT) 8 =U (0T8) Y9z =U .
$NIeA WasIsIad 1BsSUQ are  JusIsuel] Ajes D3ZILOJ09-UON a|geldeA yaes a0y 9z1s ajdwes adAjouayd snaine ‘s

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

Allergy. Author manuscript; available in PMC 2025 January 01.



Page 19

Dahal et al.

,dnoi6 adAiousyd/uonezIuo|od sna/me °S JUBIAYIP Ul UONIUNY JBLLIBG UIS PUB UONEZIISUSS ‘AVH0IS ZA PUe TA Jo uosiedwod

Author Manuscript

ST0  (6L2-9v'0) 22T (95'6-622) 907  1€00 (19°€-6v'0) €12  (60'ST-9E'Y) 6¥°TT guoIssaidxe 97 a1koounesex
UIXS [eUOIS3|-UON - Jaliueq uiys
9¢0  (T'Sr-L8)S0z (L'6T-¥'TT)€GT 6.0 (zvz-LT1)€E8T (5°6T-6°21) L'¥T (u/zwyB) IM3IL
690 (¥92-6T'0)92°0 (8T'€-/8'T) 92T 160 (682-020) 180  (82'8-62°T) 0S'E guoIssaIdxe 97 a1koounesey
UIXS [euoIsaT - Jaliaeq uys
050 (gee-55) €6 (052-¥1) 9T 950 (0ev—22) v¥T (027-¥T) ¥9 361 wnuss (el
66°0 (%82) 2 (9668) 8 66°0 (%egs) 8 (9609) 6 paznisuss
uolyezisuss
660 (%82) L (%29) 9 660 (%€g9) 8 (%€9) 8 (S2= AvH0IS) AV 818A8S/81RIBPOIN
0 (8'89-082) TOr (r¥v—8722) 5€e 090 (2'28-02T) T'SC (r'2e-9'T1) €22 (81028) AvH0OOS
Aasnes Qv

1d n n 1d A I
(6 = u) BISISIRd (GT = u) 38sSuQ 81e7] adAjouayd/uoireziuo|od snaine 'S
810 (7'e1-92) L'6 (#'21-08) ¥'6 €100 (STT-TL) 26 (zer-TL) 16 (U/zw/B) TM3IL
850 (09v-Lr'0)Ss9T (259-22'T) L2'T 190 (006-87'T) 607 (£8'8-12'T) L6'S guoIssaidxe 97 a1koounesey
UIXS [eUOIS3|-UON - Jaliaeq uiys
GT0  (122-98) 09T (T2e-€TI) 96T G0 (291-¢8) LT (€8T-¥'8) S'IT (u/zw/B) IM3L
260 (89%-89'0)60C (0T'S-220) €21 €0 (Le8-21T) 68T (5096900 9gZ guoIssaIdxe 97 a1koounesey
UIXS [euoIsaT - JaLiaeq uiys
020 (z82-¥T) 29 (S6T-TT) v  T000 > (zv1-81) 0L (e6-01) 2€ 361 wnuss (el
Gv'0 (%SS) T2 (%.¥) 8T 66°0 (%zy) TTT (%ey) 0TT paziisuss
uoleznIsuas
660 (%€S) 02 (%05) 6T 2000 (%2) 9 (%5€) 26 (S22 AVH0IS) AV 21enas/eleIapoiN
Zr0  (99e-201) 09z (62r-G2r) €S 1000>  (L'¥2-9'6) 6'9T (1'62-0°€T) 0'6T (81028) AVHOOS
Aanss Qv

1d n n 1d A A

(8¢ = u) uaisueld] Ape3

(¥9¢ = U) paziUojod-UON

adAjouayd/uoireziuo|od snaine ‘s

‘€ 9lqeL

Author Manuscript

Author Manuscript

Author Manuscript

Allergy. Author manuscript; available in PMC 2025 January 01.



Page 20

Dahal et al.

"uosLiedwod ayy Ul pasn aJam suolissaidxe 974 paisnipe-uosess

(8¢ = u)juaisued] Ajreq

(¥9¢ = u) paziuoj03-UON

adAjouayd/uoireziuojod snaine 'S

§
"Sa|qelJeA [e21100a1ed 10} S1S3) S, JRLUBNIIA ‘S8]CeLIBA SNONUIIUOD 10 153} Yued paubis uoxod|ipn Buisn suop aiam uoirejndod yoes ulylm A pue TA Usamiaq :Om:mQEoow
"(%) v 10 (4OI) ueipaw ul pajuasaid are mén_N
590 @yi-r2)96  (S¥1-26) ¥'1T 6.0 (T€1-82) 20T (Let-11)96 (yrzw/B) IM3IL
1d A A 3d n A

Author Manuscript

Author Manuscript

Author Manuscript

Author Manuscript

Allergy. Author manuscript; available in PMC 2025 January 01.



	Abstract
	Graphical Abstract
	INTRODUCTION
	METHODS
	Subjects
	Keratinocyte Sampling and Identification of S. aureus

	RESULTS
	S. aureus presence is associated with a more severe AD phenotype
	Persistent S. aureus colonization is associated with a more severe AD phenotype
	Decreased non-lesional skin barrier integrity is associated with S. aureus colonization
	V2 S. aureus colonization is associated with a decrease in non-lesional filaggrin expression over time
	Non-lesional filaggrin expression mediates S. aureus colonization

	DISCUSSION
	References
	Fig 1.
	Fig 2.
	Table 1.
	Table 2.
	Table 3.

